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 Abstract 
Under desiccated conditions tardigrades can enter a state known as anhydrobiosis, which enables 
them to survive without metabolism until favourable conditions resume. Studies have suggested that 
desiccation can cause accumulation of DNA damage induced by reactive oxygen species (ROS). This is 
due to the metabolic arrest and hereby the cessation of DNA repair systems during anhydrobiosis. In 
order to quantify this accumulation of DNA damage, previous studies have used comet assay. This 
method relies on breaks in double stranded DNA as a biomarker, but due to the cellular DNA repair 
mechanism comet assay may yield a false positive result. As an alternative, the oxidized base 8-
hydroxy-2′-deoxyguanosine (8-oxo-dG) can be used as a biomarker for oxidative damage of DNA. By 
isolation of tardigrade DNA using alcohol precipitation and detection of 8-oxo-dG in the isolated DNA 
by an enzyme-linked immunosorbent assay (ELISA), this study has tested the applicability of the ELISA 
to measure DNA damage in tardigrades. Furthermore, the difference in the amount of DNA damage 
between Richtersius coronifer dessicated for 9 months and R. coronifer dessicated for 18 months was 
tested. The ELISA was successful in quantifying 8-oxo-dG in purified tardigrade DNA, but no increased 
amount of 8-oxo-dG was detected in the samples containing R. coronifer dessicated for 18 months in 
comparison with R. coronifer dessicated for 9 months. It is concluded that the ELISA is a good 
alternative to comet assay for quantifying DNA damage in R. coronifer. However, further studies are 
needed in order to clarify the damaging effect of ROS on tardigrade DNA during anhydrobiosis, as well 
as to optimize the use of the ELISA to measure these effects. 
 
Resume 
I tørre perioder kan tardigrader indgå en tilstand kaldet anhydrobiose, hvor de er i stand til at 
overleve uden metabolisme indtil forholdene igen er fordelagtige. Studier har indikeret at dette ophør 
af metabolisk aktivitet under anhydrobiose, kan medføre en akkumulation af DNA-skader induceret af 
reaktive oxygen arter. Tidligere studier har anvendt comet assay til at kvantificere denne 
akkumulation af DNA-skader. Comet assay benytter brud på dobbeltstrenget DNA som biomarkør for 
oxidativ skade, men grundet de cellulære reparationsmekanismer, kan metoden give falsk positive 
resultater. Alternativt kan den oxiderede base 8-hydroxy-2′-deoxyguanosine (8-oxo-dG) anvendes som 
biomarkør for oxidative DNA-skader. Ved at isolere DNA fra tardigrader med alkoholnedfældning og 
detektere 8-oxo-dG i det isolerede DNA ved en enzyme-linked immunosorbent assay (ELISA), har 
dette studie testet anvendeligheden af ELISA til måling af DNA-skader hos tardigrader. Derudover 
undesøges forskellen i mængden af DNA-skader mellem Richtersius coronifer dehydreret i 9 måneder 
og R. coronifer dehydreret i 18 måneder. Det konkluderes at ELISA er et godt alternativ til comet assay 
til kvantificering af DNA-skader i R. coronifer. Der er dog stadig brug for flere studier før det er muligt 
at kortlægge den skadelige effekt af reaktive oxygenarter på DNA i tardigrader under anhydrobiose. 
Ligeledes er yderligere studier også nødvendige for at optimere brugen af ELISA til måling af disse 
effekter. 
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Abstract 
Under desiccated conditions tardigrades can enter a state known as anhydrobiosis, which enables 
them to survive without metabolism until favourable conditions resume. Studies have suggested that 
desiccation can cause accumulation of DNA damage induced by reactive oxygen species (ROS). This is 
due to the metabolic arrest and hereby the cessation of DNA repair systems during anhydrobiosis. In 
order to quantify this accumulation of DNA damage, previous studies have used comet assay. This 
method relies on breaks in double stranded DNA as a biomarker, but due to the cellular DNA repair 
mechanism comet assay may yield a false positive result. As an alternative, the oxidized base 8-
hydroxy-2′-deoxyguanosine (8-oxo-dG) can be used as a biomarker for oxidative damage of DNA. By 
isolation of tardigrade DNA using alcohol precipitation and detection of 8-oxo-dG in the isolated DNA 
by an enzyme-linked immunosorbent assay (ELISA), this study has tested the applicability of the ELISA 
to measure DNA damage in tardigrades. Furthermore, the difference in the amount of DNA damage 
between Richtersius coronifer dessicated for 9 months and R. coronifer dessicated for 18 months was 
tested. The ELISA was successful in quantifying 8-oxo-dG in purified tardigrade DNA, but no increased 
amount of 8-oxo-dG was detected in the samples containing R. coronifer dessicated for 18 months in 
comparison with R. coronifer dessicated for 9 months. It is concluded that the ELISA is a good 
alternative to comet assay for quantifying DNA damage in R. coronifer. However, further studies are 
needed in order to clarify the damaging effect of ROS on tardigrade DNA during anhydrobiosis, as well 
as to optimize the use of the ELISA to measure these effects. 
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Introduction 
Tardigrades are small, 100-1000 μm, 
eukaryotes belonging to the phylum Tardigrada 
(Rizzo, Negroni et al. 2010). Tardigrada is 
subdivided into Eutardigrada and 
Heterotardigrada, and so far more than 930 
species have been described (Guidetti and 
Bertolani 2005), living in marine, freshwater or 
terrestrial environments (McInnes 1994). 
Molecular studies have shown that tardigrades 
together with nematodes and other moulding 
animals belong to the evolutionary line of 
Panarthropoda, which is a clade of Ecdysozoa 
(Aguinaldo, Turbeville et al. 1997). Most of the 
species described so far are terrestrial and are 
found in unstable habitats like lichens and 
mosses and even on glaciers and in deserts 
(Bertolani, Guidetti et al. 2004). Tardigrades 
have four pairs of telescope-like legs with claws 
or sucking disks and a cuticle made of chitin 
covering their body (Rizzo, Negroni et al. 2010). 
They can be either unisexual, bisexual or 
hermaphrodites depending on the species, and 
self fertilization and parthenogenesis seems to 
be common. Tardigrades lay groups of fertilized 
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or unfertilized eggs either freely or in the 
exuvium (Bertolani 2001; Rizzo, Negroni et al. 
2010).  
Tardigrades are known for their ability to go 
into a reversible state called cryptobiosis, which 
can be induced by freezing (cyrobiosis), osmotic 
pressure (osmobiosis), oxygen deficiency 
(anoxybiosis) and desiccation (anhydrobiosis). 
Anhydrobiosis happens to terrestrial 
tardigrades, when the surrounding water film 
evaporates and they become completely dry 
(Keilin 1959). Other organisms like rotifers and 
nematodes are also known to possess the ability 
to go into anhydrobiosis, and for both 
tardigrades, nematodes, and rotifers the ability 
is present through all life stages (Crowe 1971; 
Wright, Westh et al. 1992; Clegg 2001). The 
lifespan of anhydrobiotic tardigrades has in 
some experiments shown to be extended up to 
2 decades (Somme and Meier 1995; Jorgensen, 
Mobjerg et al. 2007), suggesting that the aging is 
set on hold during anhydrobiosis (Hengherr, 
Brummer et al. 2008). It seems though that 
death rate increases drastically after one year of 
desiccation (Bertolani, Guidetti et al. 2004). 
Desiccated tardigrades appear in the so called 
tun-state, where the body is contracted to 50 % 
of the normal size (Wright 1989). In the 
desiccated state more than 95 % of both free 
and bound water of the tardigrade is lost and 
metabolism comes to a complete arrest, but 
resumes once the tardigrade is rehydrated 
(Clegg 2001). Upon rehydration the organs of 
the tardigrade fold out and gain their original 
shape and function within 45 minutes (Rizzo, 
Negroni et al. 2010).  Lack of intra- and 
extracellular water may cause changes in the 
molecular organisation, malfunction in 
enzymes, oxidative damage to cellular 
constituents, and temporary non-functioning 
electron transport chains, which can lead to the 
production of reactive oxygen species (ROS) 
(Smirnoff 1993; Franca, Panek et al. 2007). ROS 
can result from cellular metabolism and 
spontaneous chemical degradation of some 
biomolecules, and can have very damaging 
effects on DNA and other cellular organelles, 
causing cell injury or cell death (Gros, 
Saparbaev et al. 2002). Several antioxidant 
enzymes can limit the damaging effects done by 
ROS (Yu 1994). In tardigrades the enzymes 
catalase and superoxide dismutase are the two 
most important scavengers known to 
counteract ROS (Rizzo, Negroni et al. 2010).  
Several experiments have shown that 
tardigrades in the anhydrobiotic state are able 
to handle extreme conditions like organic 
solvents (Ramlov and Westh 2001), high 
hydrostatic pressure (Horikawa, Iwata et al. 
2009), very high temperatures (Ramlov and 
Westh 2001), and very low temperatures 
(Ramlov and Westh 1992). An experiment by 
Jönsson et al. (2005) showed that tardigrades of 
the species R. coronifer can resist the damaging 
effect of radiation, while in desiccated state. The 
reason for this is assumed to rely on their DNA 
repair mechanism (Jonsson, Harms-Ringdahl et 
al. 2005). Damage to the bases in the DNA 
strand induced by free radicals is repaired by 
base excision repair, where damaged bases are 
cut out of the DNA strand by enzymes and 
discarded (Lindahl 1993; Gros, Saparbaev et al. 
2002).  
Despite the fact that aging of tardigrades seems 
to cease during anhydrobiosis (Hengherr, 
Brummer et al. 2008), and that they can 
withstand extreme conditions while in 
anhydrobiosis, tardigrades cannot live forever. 
The reason for this is presumably the 
continuing damage to DNA and other organelles 
caused by ROS (Wright, Westh et al. 1992; 
Franca, Panek et al. 2007; Neumann, Reuner et 
al. 2009). The damages are in normal hydrated 
cells repaired by various repair mechanisms of 
the cell which requires energy. Due to the 
metabolic arrest in anhydrobiotic tardigrades, 
DNA damages are not repaired immediately, but 
accumulate which can have important 
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consequences for the lifespan (Neumann, 
Reuner et al. 2009). 
To counteract some of the damaging effects of 
ROS, cells protect themselves by synthesizing 
biomolecules. During tun-state, the 
permeability of the cuticle declines, giving the 
cells time to synthesize these protective 
biomolecules (Wright, Westh et al. 1992). Cell 
integrity during anhydrobiosis is thus thought 
to be maintained because of these cell 
protectants, despite of the aforementioned 
damaging changes (Crowe 1971; Neumann, 
Reuner et al. 2009).  Trehalose and heat shock 
proteins are some of the cell protectants that 
are believed to play a part in the ability of 
tardigrades to tolerate the absence of water 
(Jonsson and Schill 2007; Hengherr, Heyer et al. 
2008). Trehalose is assumed to substitute the 
structural role of intracellular water under 
anhydrobiosis, and papers prove an 
accumulation of trehalose during desiccation 
(Westh and Ramlov 1991; Hengherr, Heyer et 
al. 2008). Heat shock proteins are stress 
proteins, which are up regulated during cellular 
stress, preventing protein aggregation and 
assisting in the folding of newly synthesized 
proteins and denaturized proteins (Feder and 
Hofmann 1999). Several heat shock proteins 
have shown to be up regulated during cycle, of 
desiccation and rehydration in tardigrades 
(Ramlov and Westh 2001; Schilll, Steinbruck et 
al. 2004; Jonsson and Schill 2007).  
 
As previously mentioned, cells are exposed to 
ROS during normal metabolism, which 
represents an important source of damage to 
DNA. The major mutagenic base lesions 
generated by hydroxyl (OH•-) and superoxide 
radicals (O2•-) are 8-hydroxy-2′-deoxyguanosine 
(8-oxo-dG) and formamidopyrimidine. 8-oxo-
dG, see Figure 1, is of great interest since it has 
direct mutagenic effect by generating 
transversion mutations (Lindahl 1993).   
8-oxo-dG frequently mispairs with adenosine, 
and thus creates a point mutation of guanine  
thymine (Griffiths, Wessler et al. 2008). 8-oxo-
dG has become a widely used biomarker of 
oxidative damage in cellular DNA, and in human 
urine, saliva and serum this by-products of DNA 
repair can be detected, see Appendix 2. 
 In order to investigate DNA damage in 
tardigrades, several papers have focused on 
using comet assay. Due to the fact, that comet 
assay measures frequency of breaks in the DNA 
strands, and one of the DNA repair enzymes in 
the live tardigrade functions by cutting the 
strand and removing the damaged base, it is 
possible that these ongoing repairs in the DNA 
strands are read as DNA breaks (Fortini, 
Pascucci et al. 2003). Since this can create false 
positive results in a comet assay, the application 
of the method can be questioned. By applying a 
known method to tardigrades, this study has 
performed a trial in order to investigate the 
applicability of the ELISA as an alternative to 
comet assay, for quantification of DNA damage 
in the eutardigrade Richtersius coronifer.
 
Figure 1 – The formation of Common guanosine (left) forming 8-hydroxy-2′-deoxyguanosine (right) after being 
attacked by reactive oxygen species (ROS) (Kasai 1988)
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Method
All materials can be found in Appendix 1. 
The first plan to isolate DNA from R. coronifer 
and use 8-oxo-dG as a measure of DNA damage 
was based on the work of Wood et al. (2000). 
Wood and co-workers used alcohol 
precipitation to isolate nuclear DNA from 
cultured cells, human lymphocytes and tissue 
samples, prior to measuring the amount of 8-
oxo-dG with High Performance Liquid 
Chromatography (HPLC) (Wood, Gedik et al. 
2000). Before any attempts were made, the 
plan was discarded due to sample sizes. Wood 
et al. (2000) operated with sample sizes of 150 
mg tissue (Wood, Gedik et al. 2000), which is 
approximately equivalent to 46000 R. 
coronifers, (calculated from average dry weight 
of R. coronifer (Westh & Ramløv 1991)). If the 
method was scaled down to fit the amount of 
specimens, which was realistic to collect 
(maximum 500 R. coronifer per sample) the 
volumes of the chemicals would be too difficult  
to work with. Furthermore, the tardigrade 
genome is very small (Garagna et al. 1996), so 
it was decided to isolate both mitochondrial 
and nuclear DNA.  
It was recommended to make an attempt to 
isolate and purify DNA from R. coronifer using a 
High Pure PCR Product Purification Kit (Roche, 
cat. no. 11 732 676 001). The PCR kit works by 
binding DNA to a column, which is 
subsequently washed with a buffer to elute any 
bound DNA. This method was tested on sample 
sizes of 30 and 100 tardigrades, but gave no 
results with gel electrophoresis (UltraPure 
Agarose, Invitrogen cat. no.16500-100, 1x TBE 
buffer, Invitrogen cat. no. 15581-044, 
PowerPac Basic, BioRad, 300 V). It was thus 
concluded that the organisms contained so 
small amounts of DNA that it all bound 
irreversibly to the column, and the method was 
thus discarded. 
It was then decided to use a method, routinely 
applied at Roskilde University, for DNA 
isolation of small samples using alcohol 
precipitation. The method was tested several 
times to determine the minimum number of 
tardigrades required for a detectable yield of 
DNA. Sample sizes of 100 tardigrades gave an 
approximate yield of DNA between 40-126 
ng/µl using a nanodrop (NanoDrop, 
Spectophotometer ND-1000, Saveen Werner) 
and gel electrophoresis for detection. No DNA 
was measured in smaller samples of 25 
tardigrades using gel electrophoresis, but 
amounts of 10 ng/µl were detected on the 
nanodrop. This method for isolating DNA from 
R. coronifer worked and was used 
henceforward. 
Samples of 25 tardigrades had originally been 
taken out with intervals of a week in order to 
measure the change in DNA damage as a 
function of time hydrated. However, HPLC 
needs a higher yield of DNA, than what was 
detected in the samples containing 25 
specimens, in order to detect the 8-oxo-dG with 
relative precision (Helbock et al. 1997) and 
more DNA might be lost in the following 
preparations. Therefore larger samples were 
prepared. Samples of 500 tardigrades gave a 
yield of 270-370 ng/µl using the nanodrop and 
gel electrophoresis for detection. It was 
decided to continue with these samples. 
Quantification of 8-oxo-dG was meant to be 
done as Wood et al. (2000) with HPLC, but 
because of time shortage this was not possible, 
and the method was discarded. 
Instead quantification was done with anti-8-
oxo-dG and a microplate reader (ELISA, Bio-
Tek, Synergy HT). With the use of HT-8-oxo-dG 
ELISA Kit (Trevigen®, cat. no. 4370-096-K) 
less preparations were needed. The ELISA 
method also has other advantages, when 
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working with small amounts of DNA: Detection 
with antibody has a high sensitivity, and the 
DNA yield in each sample can be as little as 
0.59 ng/ml, also the DNA does not have to be 
very pure. 
The ELISA kit was meant for measuring 8-oxo-
dG on urine, serum or saliva samples and 
thereby measuring the free nucleosides as a 
product of DNA repair, whereas the R. coronifer 
samples contained doubled stranded DNA. Two 
kinds of isolated DNA were assayed with the 
ELISA; untreated DNA and hydrolyzed DNA. 
The hydrolysis was performed with R. coronifer 
which had not gone through a hydration period 
(samples containing 100 and 500 specimens). 
Since the samples with 25 R. coronifer were too 
small to split up, these samples were not 
hydrolyzed.  
Preparation of tardigrades for DNA 
purification 
Dry mosses containing the eutardigrade R. 
coronifer were collected after a wet period, 
from the top of carbonite stone fences at Öland, 
Sweden in August 2008 and July 2009. The 
tardigrades were desiccated the day they were 
collected. The mosses were packed in coffee 
filters and kept dark and dry at 60-80 % RH in 
the laboratory until use. 
Tardigrades were obtained by rinsing lightly 
crushed dry moss through a sieve column with 
tap water. Most tardigrades were found in the 
80 and 100 µm fraction.  To obtain animals 
without moss debris, these fractions were 
transferred to petri dishes. Tardigrades were 
allowed to hydrate for approximately 45 
minutes, and active animals of the species R. 
coronifer were then taken out with an Irwin 
sling and transferred to petri dishes containing 
Milli Q water filtered through a 0.2 µm syringe 
filter. As a criterion for animal viability, 
movements of the body and limbs were 
considered.  
Several papers suggest, that hydration time 
affects the amount of DNA damage in 
tardigrades (Schilll, Steinbruck et al. 2004; 
Jonsson and Schill 2007; Neumann, Reuner et 
al. 2009; Rizzo, Negroni et al. 2010), so to 
compare whether hydration time had any 
correlation with the amount of 8-oxo-dG 
detected, samples containing 25 specimens 
collected 2009 were allowed to hydrate for 29, 
22, 17 and 8 days respectively. Samples 
collected 2008 and 2009 were prepared with 
both 100 and 500 specimens, which were 
hydrated for 1 day. All groups were run in 
three replicas.  All replicas were split in two, 
and half of the samples were hydrolyzed after 
alcohol precipitation, except samples 
containing only 25 specimens (29, 22, 17 and 8 
days of hydration). See Table 1.  
Since it was not possible to get a negative 
control (R. coronifer which had not been in 
desiccated) a positive control was made with 
500 specimens. The reason for having a 
positive control was to obtain complete DNA 
damage for comparison. The sample was 
treated with 1 % hydrogen peroxide for 10 
minutes and was immediately sonicated 
afterwards and then treated like the rest of the 
samples.
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Sample size  
(No. of R. coronifer) 
Time in anhydrobiosis 
(months) 
Treatment Time in hydration 
(days) 
Nr. of replicas 
250 19 Hydrolyzed 1 3 
250 19 Non-hydrolyzed 1 3 
250 8 Hydrolyzed 1 3 
250 8 Non-hydrolyzed 1 3 
50 19 Hydrolyzed 1 3 
50 19 Non-hydrolyzed 1 3 
50 8 Hydrolyzed 1 3 
50 8 Non-hydrolyzed 1 3 
25 8 Non-hydrolyzed 29 3 
25 8 Non-hydrolyzed 22 3 
25 8 Non-hydrolyzed 17 3 
25 8 Non-hydrolyzed 8 3 
Table 1 - Overview of the samples used in present study. Hydrolized: DNA hydrolysis was performed before the 
ELISA. 
 
Isolation of DNA 
The tardigrades were collected from petri 
dishes with filtrated Milli Q water after 
rehydration, as described above, and were then 
transferred to fresh water in 2 ml eppendorf 
tubes. The samples were centrifuged at 14000 
g for 5 minutes at room temperature, in order 
to spin down the tardigrade, before removing 
the water. To each sample 485 µl TENS buffer 
(pH 8.5)was added (100 mM TrisHCl 
AppliChem Tris cas. no. 1185-53-1,HCL cas. no. 
7647-01-0; 200 mM NaCl cas. no. 7647-14-5; 
0.2% SDS (Sodium dodecyl sulfate) Sigma-
Aldrich 99 % cas. no. 151-21-3) and the 
samples were sonicated 4 x 5 seconds with 1 
minute in between, while kept on ice. 15 µl 
Proteinase K (20 mg/ml Fermentas cas. no. 
39450-01-6) was added and samples were 
whirly mixed for a few seconds, before they 
were stored at 55° C, to activate the proteinase 
K (Sigma-Aldrich), over night (12 hours). 
The samples were then removed from the heat 
block, and once they had reached room 
temperature, 5 µl RNase (10 mg/ml Fermentas 
cas. no. 9001-99-4) was added and they were 
incubated for 30 minutes. The samples were 
whirly mixed before being centrifuged at 
15000 g for 7 minutes at 15° C. The 
supernatant was transferred to 1.5 ml 
eppendorf tubes containing 500 µl isopropanol 
(99.7% AppliChem cas. no. 67-63-0). Tubes 
were turned upside down a few times, during a 
3-5 minute period. Samples were centrifuged at 
20000 g for 15 minutes at 15° C and the 
supernatant was discarded. The pellet was 
resuspended in 500 µl ethanol (80%) by whirly 
mixing. Then the tubes were left another 3-5 
minutes, while being turned upside down a few 
times. Samples were centrifuged at 20000 g for 
15 minutes at 15° C and supernatant was 
discarded. The tubes with the DNA pellet were 
left to dry in a fume hood for approximately 
120 minutes until all excess ethanol had 
evaporated. 50 µl TrisHCl buffer (pH=8.5, 10 
mM) was added to each sample, before it was 
whirly mixed for a few seconds and then kept 
at 55° C for 45 minutes. The treated samples 
were stored at -20° C, if not used immediately. 
DNA hydrolysis 
As described earlier, all samples containing 
100 and 500 tardigrades were split in two, and 
half of them were treated with enzymes in 
order to hydrolyze DNA. The method for DNA 
hydrolysis was based on Wood et al. (2000).  
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10 μl DNase (Sigma DNase10-1set kit) was 
added to an 1.5 ml eppendorf tube, followed by 
the addition of 3 μl alkaline phosphatase (0.062 
U/μl, Sigma-Aldrich cas. no. 9001-78-9), 3 μl 
phosphodiesterase II (0.361 U/ml, VWR cas. 
no. 9068-54-6), 3.8 μl phospodiesterase I 
(0.108 U/ml, Sigma-Aldrich cas. no. 9025-82-
5), and 10 μl MgCl2 (50mM). One sample (20 μl) 
and 50.2 μl Tris-HCl buffer (pH=8,5, 40mM) 
was added, diluting the samples and giving a 
final volume of 100 μl. This procedure was 
repeated for each sample. The samples 
incubated for 2 hours at 37° C on a heat block 
and were stored at -20° C until further use.  
Enzyme-linked immunosorbent assay 
(ELISA) 
For detection of 8-oxo-dG in the samples, the 
HT 8-oxo-dG ELISA Kit from Trevigen® was 
used. An ELISA allows for rapid screening and 
quantification of the presence of an antigen in a 
sample. The applied kit provided a 96-strip 
well plate pre-bound with 8-oxo-dG, an 8-oxo-
dG monoclonal antibody (Anti-8-oxo-dG), an 
enzyme labeled secondary antibody (Anti-
Mouse IgG:HRP Conjugate) and detection 
substrate (TMB-substrate). Samples were 
added to the wells in replicates, along with 8-
oxo-dG standard solutions necessary for a 
standard curve. Then 8-oxo-dG monoclonal 
antibody was added to the wells. This antibody 
was bound, in a competitive manner, to 8-oxo-
dG in the samples, standards or pre-coated 
wells of the immunoassay plate. Anti-8-oxo-dG 
bound to 8-oxo-dG in the sample or standard 
were washed with wash buffer to remove 
surplus of sample and antibody. If the sample 
contained a large amount of DNA, a smaller 
amount of antibody was bound to the 8-oxo-
dG-coating and vice versa. Secondary enzyme-
labeled antibody, Anti-Mouse IgG:HRP 
Conjugate, was then added to the wells. This 
antibody was bound to the 8-oxo-dG/anti-8-
oxo-dG complex fixed in the wells. Surplus of 
secondary antigen was again washed away 
with wash buffer. The assay was developed 
with tetramethylbenzidine substrate (TMB), 
which would bind to the enzyme-part of the 
enzyme-labeled secondary antibody (Anti-
Mouse IgG:HRP Conjugate). The formation of 
yellow product indicated presence of 8-oxo-dG. 
Absorbance was measured in a microplate 
reader at 450 nm. The sensitivity range was 
between 0.94 – 30 ng/ml 8-oxo-dG, and cross 
reactivity could occur with guanosine, 8-
bromoguanosine, 2’-deoxyinosine, N2-
methylguanosine (<0.016%) and 8-
mercaptoquanosine (3.5%). For a detailed 
approach to the experimental procedure, see 
Appendix 2. 
Instructions from Trevigen® were followed 
during the performance of the ELISA, with a 
few changes: The samples were not diluted 
after DNA purification and hydrolysis, as 
proposed by the ELISA manual, because of 
limited starting material and thereby limited 
DNA yield after purification. As a result of this, 
45µl samples were added to the wells in 
replicate, instead of the recommended 50 µl 
(Appendix 2, part III D: Performing the Assay). 
The volume of the prepared 8-oxo-dG standard 
(Appendix 2, part III C: Reagent Preparation) 
was reduced to 45 µl. 
Results 
The following results were obtained from the 
ELISA. The worksheet containing raw data can 
be found in Appendix 3. All statistical analyses 
were performed in MYSTAT using a two tailed 
t-test for comparing the level of significance 
between two small samples with a confidence 
level of p ≤ 0.05. See Table 2 for p-values of 
compared results. 
Figure 2 (a) shows the mean amount of 8-oxo-
dG (ng/sample) ± sd for samples containing 
250 tardigrades desiccated for 8 months 
(collected July 2009) and for 19 months 
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Figure 2 (a) and Figure 2(b) - Mean amount of 8-oxo-dG (ng/sample) ±sd in samples containing 250 specimens. 
July 2009 refers to R. coronifer collected July 2009, giving a total time of 8 months in anhydrobiosis. August 2008 
refers to R. coronifer collected August 2008, giving a total time of 19 months in anhydrobiosis. Samples 
represented in Figure 2(b) have been hydrolyzed. 
(collected August 2008) respectively. Figure 2 
(b) also shows the mean amount of 8-oxo-dG 
(ng/sample) ± sd for samples containing 250 
tardigrades, desiccated for 8 months and 19 
months, respectively, but as previous 
described, these samples were hydrolyzed 
prior to the ELISA. 
For both the non-hydrolyzed and the 
hydrolyzed samples, Figure 2(a) and Figure 2 
(b) respectively, the mean amount of 8-oxo-dG 
was slightly larger for samples containing 
tardigrades collected July 2009 than samples 
containing tardigrades collected August 2008, 
but the difference was not statistically 
significant in either case. For non-hydrolyzed 
samples containing 250 tardigrades collected 
July 2009 and August 2008, p=1. For 
hydrolyzed samples containing 250 
tardigrades collected July 2009 and August 
2008 p=0.4. Figure 3 (a) shows the mean 
amount of 8-oxo-dG (ng/sample) ± sd for 
samples containing 50 tardigrades desiccated 
for 8 months (collected July 2009) and for 19 
months (collected August 2008) respectively. 
Figure 3 (b) also shows the mean amount of 8-
oxo-dG (ng/sample) ± sd for samples 
containing 50 tardigrades, desiccated for 8 
months and 19 months, respectively, but as 
previous described these samples were 
hydrolyzed prior to the ELISA.  
 
Page 14 of 36 
 
  
Figure 3 (a) and Figure 3 (b) - Mean amount of 8-oxo-dG (ng/sample) ±sd in samples containing 50 specimens. 
July 2009 refers to R. coronifer collected July 2009, giving a total time of 8 months in anhydrobiosis. August 2008 
refers to R. coronifer collected August 2008, giving a total time of 19 months in anhydrobiosis. Samples 
represented in Figure 3 (b) have been hydrolyzed. 
 
Figure 4 - Amount of mean 8-oxo-dG (ng/sample) in samples containing 25 specimens hydrated for 8, 17, 24, and 
29 days respectively. All R. coronifer are collected July 2009 giving a total time of 8 months in anhydrobiosis. 
For non-hydrolyzed samples containing 50 R. 
coronifer, represented in Figure 3 (a), the 
statistical analysis showed a significant 
difference, p=0.021, between samples 
containing specimens desiccated for 8 months 
(collected July 2009) and samples containing 
specimens desiccated for 19 months (collected 
August 2008). For the hydrolyzed samples 
containing 50 R. coronifer, represented in 
Figure 3 (b), the statistical analysis showed no 
significant difference, p=1, between samples 
containing specimens desiccated for 8 months 
and samples containing specimens desiccated 
for 19 months. 
Figure 4 illustrates the mean 8-oxo-dG 
(ng/sample) ±sd of samples containing 25 
tardigrades desiccated for 8 months (collected 
July 2009) and hydrated for 8, 17, 24, and 29 
days, respectively. The statistical analysis 
showed no significant difference between the 
mean amounts of 8-oxo-dG in the four groups.   
As previous mentioned, samples containing 
100 and 500 specimens were divided into two 
after alcohol precipitation and half was treated 
with enzymes to hydrolyze DNA. This was done 
to test if DNA hydrolysis had any effect on the 
results obtained in the ELISA. Figure 5 shows 
the mean amount of 8-oxo-dG for hydrolyzed 
and non-hydrolyzed samples, containing 50 
specimens collected August 2008 and July 
2009, and hydrolyzed and non-hydrolyzed 
samples containing 250 specimens collected 
August 2008 and July 2009.  
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Figure 5 (a+d) - Mean amount of 8-oxo-dG (ng/sample) ±sd. a) Hydrolyzed and non-hydrolyzed samples 
containing 50 specimens collected August 2008. b) Hydrolyzed and non-hydrolyzed samples containing 50 
specimens collected July 2009. c) Hydrolyzed and non-hydrolyzed samples containing 250 specimens collected 
August 2008. d) Hydrolyzed and non-hydrolyzed samples containing 250 specimens collected July 2009. R. 
coronifer collected August 2008 have spend a total time of 19 months in anhydrobiosis, and R. coronifer collected 
July 2009 have spend a total time of 8 months in anhydrobiosis. 
For the samples containing R. coronifer 
collected August 2008, Figure 5 (a) and Figure 
5(c), a significant difference was found 
between hydrolyzed and non-hydrolized 
samples containing 50 specimens, p=0.02, and 
between hydrolyzed and non-hydrolyzed 
samples containing 250 specimens, p=0.04. 
There was no significant difference between 
hydrolyzed and non-hydrolyzed samples 
containing 50 R. coronifer collected July 2009, 
p=0.17, or between hydrolyzed and non-
hydrolyzed samples containing 250 R. coronifer 
collected July 2009, p=0.16, see Figure 5 (b) 
and Figure 5 (d).  
The positive control did not, as intended, 
contain a larger amount of 8-oxo-dG than the 
other samples. For comparison, the non-
hydrolyzed positive sample with 250 R. 
coronifer contained 0.23 ng/sample, whereas 
the non-hydrolyzed sample with 250 R. 
coronifer collected August 2008 contained 0.36 
ng/sample. The positive control was thus 
discarded and was not use for any further 
calculations or comparisons. 
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2008, 250, 
hydrolyzed 
2009, 250, 
hydrolyzed 
2008, 
250 
2009, 
250 
2008, 50, 
hydrolyzed 
2009, 50, 
hydrolyzed 
2008, 
50 
2009, 
50 
2008, 250, 
hydrolyzed 
        
2009, 250, 
hydrolyzed 
- 
p=0.4 
       
2008, 250 + 
p=0.02 
       
2009, 250  - 
p=0.16 
- 
p=1 
     
2008, 50, 
hydrolyzed 
        
2009, 50, 
hydrolyzed 
    - 
p=1 
   
2008, 50     + 
p=0.02 
   
2009, 50      - 
p=0.17 
+ 
p=0.02 
 
Table 2 - Overview of results from the statistical analysis comparing means. 2008 refers to R. coronifer collected 
August 2008 with a total time of 19 months spend in anhydrobiosis. 2009 refers to R. coronifer collected July 
2009, with a total time of 8 months spend in anhydrobiosis. 250 refer to a sample size of 250 specimens. 50 
refers to a sample size of 50 specimens. Hydrolized refers to DNA hydrolysis before the ELISA. – means no 
significant difference and + means that there is a significant difference. 
 
Discussion 
Tardigrades are able to cope with stress caused 
by desiccation, and while in the desiccated 
state they are able to withstand exposure to 
extreme temperatures, high pressure and 
organic solvents (Ramlov and Westh 1992; 
Ramlov and Westh 2001; Horikawa, Iwata et al. 
2009). Even though studies have shown that 
the lifespan of tardigrades can be extended by 
the time spent in anhydrobiosis (Rebecchi, 
Guidetti et al. 2006; Hengherr, Brummer et al. 
2008), suggesting that the internal clock of the 
tardigrades temporarily stops, they are not 
able to live forever. The reason for this is 
proposed to be the damaging effect of 
oxidation processes done to the DNA 
(Neumann, Reuner et al. 2009) and the 
membrane lipids (Crowe and Crowe 1986) of 
the tardigrades, while in anhydrobiosis. Since 
tardigrades have no metabolism during 
anhydrobiosis, DNA damages cannot be 
repaired immediately by the energy 
demanding repair mechanisms of the cells, and 
DNA damages are thus assumed to accumulate 
during anhydrobiosis (Neumann, Reuner et al. 
2009). 
This study has attempted to measure any 
accumulated DNA damage in the tardigrade R. 
coronifer using the altered base 8-oxo-dG as 
biomarker.  All the specimens used for the 
samples were taken from two groups of R. 
coronifer: One group had been desiccated for 
19 months (collected July 2009) and one group 
had been desiccated for 8 months (collected 
August 2008). Comparison of the two groups, 
using sample sizes of 50 specimens, showed 
that the samples containing specimens 
desiccated for 19 months, had a significantly 
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higher level of 8-oxo-dG (p=0.02) than the 
samples containing specimens desiccated for 8 
months, see Figure 3(a), suggesting that an 
accumulation of DNA damage during 
anhydrobiosis had occurred. This was also 
shown in a study conducted by Neumann et al. 
(2009), using comet assay to measure DNA 
damage in Milnesium Tardigradum. Neumann 
et al. (2009) showed an increase in DNA 
damage of M. tardigradum from 2.09 % to 
23.66 % during 10 months of anhydrobiosis, 
and concluded that the extend of the DNA 
damage of M. tardigradum could be linked to 
the time spent in anhydrobiosis (Neumann, 
Reuner et al. 2009).  In the present study the 
same result was not obtained when comparing 
the two groups using sample sizes of 250 
specimens. This result showed that R. coronifer 
desiccated for 19 months did not have a 
significantly different amount of 8-oxo-dG than 
R. coronifer desiccated for 8 months, see Figure 
2(a). This does not necessarily indicate that no 
accumulation of DNA damage had occurred; it 
only suggests that the length of time spent in 
anhydrobiosis had had no influence. In a study 
by Johnsen (2009), comet assay was used to 
detect an accumulation of DNA damage in R. 
coronifer during anhydrobiosis, but no 
significant difference was found between 
specimens desiccated for 4 months and 
specimens desiccated for 11 months (Johnsen 
2009).  
The two tests, comparing R. coronifer 
desiccated for 19 months with R. coronifer 
desiccated for 8 months, using sample sizes of 
50 and 250 specimens, were also carried out 
with samples that had been treated with 
enzymes prior to the ELISA. These results 
showed no significant difference in the amount 
of 8-ox-dG between the specimens desiccated 
for 8 months and the specimens desiccated for 
19 months, neither for the test where sample 
sizes of 50 specimens were used, nor for the 
test where sample sizes of 250 specimens were 
used, see Figure 3(b) and Figure 2(b).  
Thus the tests conducted in the present study 
using sample sizes of 50 specimens and 250 
specimens respectively, gave deviating results 
regarding the accumulation of DNA damage 
during anhydrobiosis. A possible error was that 
some 8-oxo-dG might already have been 
repaired and thereby excised from the DNA of 
the tardigrade, during the short time of 
hydration. This would to some extend have 
decreased the measured amount of 8-oxo-dG 
compared to the actual amount of 8-oxo-dG in 
the samples with R. coronifer. 
Even though the results were unclear it is still 
believed that an accumulation of DNA damage 
during anhydrobiosis will happen, because loss 
of water is known to increase the ionic 
concentration of the cells leading to creation of 
ROS (Franca, Panek et al. 2007).  In order to 
improve the results, more replicates could have 
been used, which would have made the 
foundation for the statistical tests stronger.  
 
In order to overcome the damage done to the 
DNA during anhydrobiosis, tardigrades are 
thought to possess efficient DNA repair 
mechanisms, and are known to up regulate 
several cellular protectants post anhydrobiosis 
(Westh and Ramlov 1991; Ramlov and Westh 
2001; Schilll, Steinbruck et al. 2004; Jonsson 
and Schill 2007; Rizzo, Negroni et al. 2010). 
Neumann et al. (2009) and Johnsen (2009) 
investigated the efficiency of the DNA repair 
mechanisms of M. tardigradum and R. coronifer, 
respectively. In both studies DNA damage of 
rehydrated specimens decreased, the longer 
the specimens were kept hydrated (Johnsen 
2009; Neumann, Reuner et al. 2009). In the 
present study sample sizes of 25 R. coronifer 
desiccated for 8 months, were hydrated for 8, 
17, 24, and 29 days, respectively, in order to 
detect any decrease in 8-oxo-dG and thus DNA 
damage. It was expected that specimens 
hydrated for 29 days contained less 8-oxo-dG 
than those hydrated for 8, 17, or 24 days, but 
no decrease in the amount of 8-oxo-dG was 
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detected. The reason for this could be the small 
sample sizes, containing only 25 specimens. 
The sample sizes were small because of 
difficulties in keeping the hydrated specimens 
alive. Even though the hydrated tardigrades 
were stored in filtrated Milli Q water at 4° C, as 
suggested by Johnson (2009) for optimal 
survival rate (Johnsen 2009), a lot of the 
specimens still died. The tardigrades were not 
fed during the hydration time because this 
would have increased the risk of fungal growth. 
Despite of this precaution, fungal growth was 
still observed. The lack of food during the 
hydration period was probably one of the main 
causes of the observed death rate. 
During hydration of R. coronifer, desiccated for 
8 and 19 months respectively, it was observed 
that specimens desiccated for 19 months 
showed sign of activity after a relatively longer 
period of hydration time than specimens 
desiccated for 8 months. Several studies 
supports these observations with results 
showing that recovery time increases with 
increasing time spent in anhydrobiosis (Crowe 
and Higgins 1967; Bertolani, Guidetti et al. 
2004; Rebecchi, Guidetti et al. 2006) 
Studies on the bacterium Deinococcus 
radiodurans, show periods of inhibited DNA 
replication during recovery after a period of 
desiccation (Lett, Feldschr et al. 1967), until 
DNA repair has occurred (Battista, Earl et al. 
1999). Jönsson (2007) speculated that 
tardigrades hydrating after long term 
anhydrobiosis could have periods of inhibited 
DNA replication in order to repair potential 
lesions in the DNA like D. radiodurans (Jonsson 
2007).  
 
The tests done in the present study compares 
the difference of the amount of 8-oxo-dG in 
specimens desiccated for 8 months and 
specimens desiccated for 19 months.  In order 
to have a control, a positive control was made, 
since no negative control was available. For 
this, 1% hydrogen peroxide was used to create 
complete DNA damage in newly hydrated 
specimens of R. coronifer. Hydrogen peroxide is 
a reactive oxygen species, which have been 
used to make positive controls in other studies 
with for example human tissue (Yin, Whyatt et 
al. 1995; Yarborough, Zhang et al. 1996). It was 
expected that the specimens in the positive 
control contained the highest amount possible 
of 8-oxo-dG. But the positive control rather 
showed a significantly lower amount of 8-oxo-
dG compared to the other samples. The 
positive control was thus discarded and not 
used for any comparisons of DNA damage in R. 
coronifer in the present study. 
During treatment with 1% hydrogen peroxide, 
bubbles developed from the exposed 
specimens. This could suggest a high catalase 
activity in the exposed specimens of R. 
coronifer, since catalase along with glutathione 
peroxidase have shown to be important 
hydrogen peroxide scavengers in the species 
Paramacrobiotus richtersi  (Rizzo, Negroni et al. 
2010). It is most likely that R. coronifer utilizes 
the same defenses against a ROS, like hydrogen 
peroxide. Exposure to a higher concentration of 
hydrogen peroxide or exposure to UV light 
might have induced more DNA damage in the 
specimens. Though due to the high tolerance of 
R. coronifer and other tardigrades (Ramlov and 
Westh 1992; Ramlov and Westh 2001; Jonsson 
2007; Jonsson and Schill 2007; Horikawa, 
Iwata et al. 2009; Johnsen 2009; Neumann, 
Reuner et al. 2009), it seems difficult to 
produce a functional positive control. For 
future studies it is recommended to make a 
control by hydrating tardigrades long enough 
for them to serve as a negative control. 
 
The use of the ELISA for measuring the amount 
of DNA damage in tardigrades using 8-oxo-dG 
as biomarker has not previously been reported. 
The present study thus presents the first 
attempt to do so, and is a good foundation for 
further improvements and alterations.  
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A study by Gedik et al. (2002), compared three 
methods for determining DNA damage in 
humans; the ELISA, comet assay and HPLC. 
They found correlation between results from 
all three methods, which indicated that all the 
three methods are reliable to determine 
precise levels of oxidative stress (Gedik, Boyle 
et al. 2002). When measuring oxidative stress 
in tardigrades, the level of sensitivity of the 
applied method, is of great interest due to the 
limited amount of DNA material. According to 
Gedik et al. (2002) both comet assay and the 
ELISA showed a higher level of sensitivity than 
HPLC (Gedik, Boyle et al. 2002). When 
measuring small quantities of DNA with HPLC 
(<20µg), the ratio of 8-oxo-dG/dG was 
increased, compared to the ratio when 
measuring larger quantities of DNA (Helbock, 
Beckman et al. 1998). It thus seems that HLPC 
is not efficient in measuring 8-oxo-dG in 
samples containing little DNA. Furthermore, 
DNA samples need to be very pure in order to 
make correct measurements using HPLC 
followed by electrochemical detection (Wood, 
Gedik et al. 2000). Both comet assay and ELISA 
have a high level of sensitivity, and are thus 
suitable for small sample sizes. As previously 
mentioned comet assay might yield a false 
positive result.   This would give a considerable 
increase in the results of overall DNA damage, 
which has to be considered, when comparing 
with the ELISA results. On the other hand cross 
reactivity can happen in the ELISA, which 
might increase the level of 8-oxo-dG detected. 
An advantage of comet assay is that it needs 
very little material to determine DNA damage 
(Hughes, McKelvey-Martin et al. 1999). As a 
financial side note, the running cost of ELISA is 
three times higher than comet assay (Hughes, 
McKelvey-Martin et al. 1999). 
The ELISA kit used to measure the amount of 8-
oxo-dG in R. coronifer in the present study was 
originally developed for urine, serum and 
saliva samples from vertebrates, see Appendix 
2. In urine, serum and saliva samples 8-oxo-dG 
is present as free nucleosides as a waste 
product of DNA repair. As previous mentioned 
half of the samples prepared in the present 
study were treated with enzymes after DNA 
isolation, in order to break down DNA to its 
constituent nucleosides. This was done in 
order to investigate if DNA hydrolysis would 
yield a higher amount of 8-oxo-dG. It was 
expected that samples containing hydrolyzed 
DNA would yield a higher amount of 8-oxo-dG, 
than samples containing non-hydrolyzed DNA, 
since more free 8-oxo-dG would be present for 
the antibodies to bind. The results obtained 
showed a significantly higher amount of 8-oxo-
dG in samples containing hydrolyzed DNA from 
250 specimens desiccated for 19 months 
compared to the equivalent non-hydrolyzed 
sampels. The results obtained were not 
consistent though. Samples containing 
hydrolyzed DNA from 50 specimens desiccated 
for 19 months had a significantly lower amount 
of 8-oxo-dG than samples containing non-
hydrolyzed DNA from 50 specimens desiccated 
for 19 months, see Figure 5(a). No significant 
difference was found comparing samples 
containing hydrolyzed DNA from 250 or 50 
specimens desiccated for 8 months with 
samples containing non-hydrolyzed DNA from 
250 or 50 specimens desiccated for 8 months, 
see Figure 5(b) and (d). Thus, based on the 
present study, it cannot be concluded that 
hydrolysis of DNA yields a higher amount of 8-
oxo-dG.  
The sonication of R. coronifer in all samples 
prior to DNA isolation have most likely, to 
some extent split up the DNA into smaller parts 
and thereby rendered single stranded DNA 
containing bound 8-oxo-dG which could have 
bound the monoclonal antibody used in the 
assay. This could be one of the reasons why the 
results still show presence of 8-oxo-dG in non-
hydrolyzed samples. Even though the results 
did not confirm the expectations to the yield of 
8-oxo-dG after DNA hydrolysis, it is still 
assumed the hydrolysis of tardigrade DNA is 
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necessary before measuring 8-oxo-dG by the 
ELISA. 
According to the manual, the sensitivity of the 
8-oxo-dG ELISA was 0.59 ng/ml. Some of the 
samples in their diluted state contained 
concentrations below this level. An uncertainty 
is thus connected with the corrected 8-oxo-dG 
amounts, for all the samples containing 
hydrolyzed DNA from 50 R. coronifer. There is a 
chance that cross reactants can be detected 
with the microplate reader. The chance of this 
to happen is for guanosine, 8-bromoguanosine, 
2’-deoxyinosine, and N2-methylguanosine 
<0.016 % and for 8-mercaptoquanosine 3.5 %. 
Even though this is low it should still be 
considered as a source of error, when 
discussing the importance of the results found, 
especially if actual quantity of 8-oxo-dG is of 
interest, rather than difference of DNA damage 
between two samples. For this study it would 
be a minor error.  
It is quite possible that the amount of 8-oxo-dG 
could be determined without isolation of DNA, 
but simply by sonicating the tardigrades in the 
provided buffer followed by filtration. Since the 
step of DNA isolation is prone to loss of DNA, 
by skipping this step, measurements of the 
amount of 8-oxo-dG might actually be more 
precise and greatly ease the method. 
Immediately after rehydration, it is assumed 
that DNA repair mechanisms of the tardigrade 
cells begin by, amongst others, excising 8-oxo-
dG using the base excision repair mechanism, 
leaving excised altered bases in the extra 
cellular and/or in the intra cellular 
environment of the tardigrade. By not isolating 
the DNA, these excised bases would also be 
accounted for in the ELISA. This could for 
example be used to study the DNA repair 
mechanism of tardigrades over time post 
anhydrobiosis.   
Samples with 250 specimens contained 
approximately a fivefold higher amount of 8-
oxo-dG compared to samples with 50 
specimens. Thus the amount of 8-oxo-dG 
increased proportionally with the number of 
tardigrades. Based on this and on the present 
study, it can be concluded that use of the ELISA 
to measure DNA damage in tardigrades, is both 
efficient and precise. Further studies are 
though needed in order to obtain more certain 
results regarding accumulation of DNA damage 
in R. coronifer during anhydrobiosis.  
 
 
Conclusion 
This study has presented a novel method for 
measuring DNA damage in tardigrades using 
the ELISA to detect the biomarker 8-oxo-dG 
and can act as a foundation for further 
improvements and alterations. This method 
has been proven suitable for detection of 8-
oxo-dG in purified tardigrade DNA and is a 
good alternative to both comet assay and HPLC. 
It is probable that measurements of 8-oxo-dG 
in tardigrades could be carried out without 
DNA purification, but simply by sonicating the 
specimens. This is due to the fact that the 
ELISA does not need purified samples in order 
to make precise measurements. Since isolation 
of tardigrade DNA is prone to loss of DNA, 
measuring 8-oxo-dG in whole specimens is 
assumedly more accurate since both 8-oxo-dG 
bound in the DNA and 8-oxo-dG excised from 
DNA by base excition repair are accounted for 
by the ELISA.  
If the ELISA is to be performed with purified 
tardigrade DNA instead of the whole specimens 
it seems plausible that the best result is 
obtained by hydrolization of the DNA. Even 
though this study did not show a clear result 
regarding the advantages of hydrolysis of 
purified tardigrade DNA, it seems plausible 
that DNA should be hydrolysis in order to 
obtain unbound 8-oxo-dG, which is the target 
molecule of the ELISA.  
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The ELISA method was applied, as a trial, to 
measure the difference in the amount of DNA 
damage between R. coronifer desiccated for 8 
months and 19 months, respectively.  No 
increased amount of 8-oxo-dG was detected in 
the samples containing R. coronifer dessicated 
for 18 months in comparison with R. coronifer 
dessicated for 9 months and therefore the 
result of this experiment is inconclusive. 
Despite of unclear results, it is evident that an 
accumulation of DNA damage during 
anhydrobiosis will happen, because loss of 
water is known to increase the ionic 
concentration of the cells leading to creation of 
ROS (Franca, Panek et al. 2007). Also, several 
studies supports the wide accepted theory that 
tardigrades accumulates 8-oxo-dG during 
desiccation, and thus shows an increasing yield 
of damaged DNA as a function of time spend in 
anhydrobiosis (Womersley 1987; Smirnoff 
1993; Gros, Saparbaev et al. 2002; Franca, 
Panek et al. 2007).  
Further studies are needed in order to clarify 
the damaging effect of reactive oxygen species 
on tardigrade DNA during anhydrobiosis as 
well as to optimize the use of ELISA to measure 
these effects. 
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Appendix 1 - Materials 
o Collecting animals 
o Sieve column: 10, 30, 40, 60, 80 and 
100 µm fraction 
o Irwin sling 
o Milli Q water 
o Syringe filters, 0.2 µm Cellulose Acetate 
Membrane  
o DNA isolation 
o TENS buffer (pH 8.5)  
 100 mM Tris-HCl, (Tris: AppliChem cas. 
no. [1185-53-1] and HCl cas. no. 
[7647-01-0]) 
 200 mM NaCl, cas. no. [7647-14-5] 
 0.2% SDS (Sodium dodecyl sulfate) 
Sigma-Aldrich 99% cas. no. 151-21-3 
o Proteinase K (20 mg/ml) Fermentas 
cas. no. [39450-01-6] 
o RNase A (10 mg/ml) Fermentas cas. 
[9001-99-4] 
o 2-Propanol (Isopropanol) (99.7%) 
AppliChem cas. no. 67-63-0 
o Ethanol (80%) 
o TrisHCl buffer (1 M) AppliChem cas. no. 
1185-53-1 
o UltraPure Agarose, Invitrogen cat. 
no.16500-100 
o 1x TBE buffer, Invitrogen cat. no. 
15581-044 
o PowerPac Basic, BioRad, 300 V 
o NanoDrop, Spectophotometer ND-
1000, Saveen Werner 
o DNA hydrolysis 
o DNase, Sigma, DNase10-1set kit 
o Alkaline phosphotase (0.062 U/μl) 
Sigma-Aldrich cas. no. 9001-78-9 
o Phosphodiesterase II (0.361 U/ml) 
VWR cas. no. 9068-54-6 
o Phosphodiesterase I (0.108 U/ml) 
Sigma-Aldrich cas. no. 9025-82-5 
o MgCl2 (50 mM) cas. no.  [7786-30-3] 
o Tris-HCl buffer (40 mM) 
o ELISA 
o HT 8-oxo-dG ELISA Kit from Trevigen® 
cat. no. 4370-096-K (Including a 96-
strip well plate pre-bound with 8-oxo-
dG, an 8-oxo-dG monoclonal antibody 
(Anti-8-oxo-dG), an enzyme labeled 
secondary antibody (Anti-Mouse 
IgG:HRP Conjugate) and detection 
substrate (TMB-substrate)) 
o Micro plate reader, Bio-Tek, Synergy 
HT 
 
Note: Mention of brand names does not imply 
endorsement of these products and preference 
to other similar materials.
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Appendix 2 - Manual for ELISA kit 
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Appendix 3 - Data 
Raw data from the ELISA. Blank is subtracted from all the measurements. 
Samples with 250 specimens in each, both hydrolyzed and non-hydrolyzed.  
     
Sample A450nm A450nm 
[8-oxo-dG] 
(ng/ml) 
Dilution 
Factor 
Corrected [8-
oxo-dG] (ng/ml) 
Corrected [8-oxo-dG] 
(ng/sample with 250 
specimens) 
No. 1 2 
    Hydrolyzed 
      2008, p1 1,9735 1,9905 5,801171 5 29,00586 0,580117 
2008, p2 1,8215 1,9435 6,927905 5 34,63952 0,69279 
2008, p3 1,9535 2,0195 5,753569 5 28,76784 0,575357 
2009, p1 2,1445 2,2355 3,874935 5 19,37468 0,387494 
2009, p2 1,5485 1,6895 10,68604 5 53,43021 1,068604 
2009, p3 1,5045 1,6255 11,6145 5 58,0725 1,16145 
positiv 1% 2,3675 2,5005 2,228757 5 11,14378 0,222876 
       Non hydrolysed 
      2008, p1 2,4305 2,3635 2,441797 5 12,20898 0,24418 
2008, p1 2,0115 2,1575 4,784232 5 23,92116 0,478423 
2008, p3 2,1755 2,3025 3,49598 5 17,4799 0,349598 
2009, p1 2,2715 2,2565 3,312582 5 16,56291 0,331258 
2009, p2 2,0085 2,1175 4,986162 5 24,93081 0,498616 
2009, p3 1,9765 1,7715 7,030987 5 35,15494 0,703099 
positiv 1% 2,4665 2,6005 1,712658 6,6 11,30354 0,226071 
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Samples with 50 specimens in each, both hydrolyzed and non-hydrolyzed. 
Sample 
A450
nm 
A450
nm 
[8-oxo-
dG] 
(ng/ml) 
Dilution 
Factor 
Corrected 
[8-oxo-dG] 
(ng/ml) 
Corrected [8-oxo-dG] 
(ng/sample with 50 
specimens) 
Corrected [8-oxo-
dG] 
(ng/sample with 
250 specimens) 
No. 1 2 
    
 
Hydrolyzed 
      
 
2008, p1 2,864 2,909 0,40572 5 2,028632 0,040573 0,202863 
2008, p2 2,744 2,915 0,57794 5 2,889746 0,057795 0,288975 
2009, p1 2,745 2,917 0,57335 5 2,866776 0,057336 0,286678 
2009, p2 2,812 2,886 0,51866 5 2,593325 0,051867 0,259333 
2009, p3 2,810 2,968 0,39812 5 1,990619 0,039812 0,199062 
       
 
Non 
hydrolyzed 
      
 
2008, p1 2,614 2,590 1,39943 5 6,99715 0,139943 0,699715 
2008, p2 2,695 2,561 1,29009 5 6,450481 0,12901 0,645048 
2009, p1 2,821 2,626 0,92546 5 4,627335 0,092547 0,462734 
2009, p2 2,798 2,758 0,74047 5 3,702372 0,074047 0,370237 
2009, p3 2,928 2,766 0,52470 5 2,623538 0,052471 0,262354 
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Samples with 25 specimens in each, non hydrolyzed. 
       
Sample A450nm A450nm 
[8-oxo-dG] 
(ng/ml) 
Dilution 
Factor 
Corrected [8-
OHdG] (ng/ml) 
Corrected [8-oxo-dG] 
(ng/sample with 25 
specimens) 
No. 1 2 
    2009.17/3. p1 2,7155 
 
0,955725 1 0,955726 0,019115 
2009.17/3. p2 2,6705 
 
1,122862 1 1,122862 0,022457 
2009.17/3. p3 2,8675 
 
0,464503 1 0,464503 0,00929 
2009.24/3. p1 2,7895 
 
0,704873 1 0,704873 0,014097 
2009.24/3. p2 2,62 
 
1,325338 1 1,325338 0,026507 
2009.24/3. p3 2,5735 
 
1,526887 1 1,526887 0,030538 
2009.29/3. p1 2,8885 
 
0,401168 1 0,401168 0,008023 
2009.29/3. p2 2,6755 
 
1,103694 1 1,103694 0,022074 
2009.29/3. p3 2,6465 
 
1,217039 1 1,217039 0,024341 
2009.7/4. p1 2,6585 
 
1,169496 1 1,169496 0,02339 
2009.7/4. p2 2,7135 
 
0,962904 1 0,962904 0,019258 
2009.7/4. p3 2,6935 
 
1,035944 1 1,035944 0,020719 
 
 
 
